A Brief History of Cell Calcium
Some of the most abundant metals in Earth´s crust as iron, magnesium and calcium have significant roles in the regulation of cellular processes [1, 2] . Biochemically, these metals are electrophiles capable of modifying the electron ion flow in biomolecules, by binding and orienting them [3] . One of the most versatile metals in cell physiology is the calcium ion (Ca 2+ ). Nowadays, many fundamental functions of the cell are Ca 2+ dependent. Paradoxically, early life emerged in a scant free Ca 2+ environment (~100 nM) because the cation was maintained as insoluble salt by the high seawater pH. In these conditions, photosynthesis was developed by autotrophs releasing molecular oxygen (O 2 ) from splitting water. Because O 2 easily permeate through cell lipid bilayers generating many toxic effects, the incorporation of this molecule in cell metabolism through cellular respiration reduced its harmful effects, but carbon dioxide (CO 2 ) was produced as a waste product. The rich CO 2 environment generated by cellular respiration induced a slight acidification of seawater that progressively releases Ca
2+
. In contrast to O 2 , the fatty inner core of the lipid bilayers prevented large Ca 2+ influxes, but some Ca 2+ permeation occurred through imperfect junctions between phospholipid domains and ionic channels [4, 5] . It is common to find the EF-hand and C 2 domains in the same protein [1] .
The extracellular and cytosolic Ca 2+ environments
The large electrochemical gradient of Ca 2+ across the plasma membrane generates two different environments inside and outside the cell. The extracellular Ca 2+ concentration in marine animals, as the squid, is around 10 mM, while in mammals cells are maintained in the range of 2.5 to 5 mM. Noteworthy, free basal [Ca 2+ ]c in all cells is maintained in nanomolar range [1] . Since bacteria to vertebrates, resting [Ca 2+ ]c are around 100 to 300 nM [1, 4, 13] -release (CICR) receptor-channels. IP 3 is a second messenger produced in response of plasma membrane receptor activation. Ca 2+ release from sarcoendoplasmic reticulum can be induced by cytosolic Ca 2+ increments or cyclic ADP ribose through CICR sensitive channels [16] .
Two systems remove Ca 2+ from cytoplasm, the Ca 2+ pumps that have high affinity, but low capacity, and the and the Na + /Ca 2+ exchanger that has lower affinity but much larger capacity [17] . Ca 2+ pumps are located in both plasma membranes (PMCA) and sarco-endoplasmic reticulum (SERCA) and are known as the "fine-tuner" of cytosolic Ca 2+ concentration [17, 18] . It has proposed that SERCA pumps are involved in signal transduction while PMCA pumps are crucial in cell survival [19] . 
Cell Ca 2+ regulation
It has been proposed that the sarcoplasmic reticulum is a superficial buffer barrier that regulates Ca 2+ spread between myoplasm and the extracellular environment [20] . In airways smooth muscle we observed that the buffer properties of sarcoplasmic reticulum act also in an inverse way, that is, sarcoplasmic reticulum can buffer the Ca 2+ exit from the cell [21] .
Cytosolic Ca 2+ regulation is fundamental for cell signaling. This regulation is achieved by several mechanisms, including Ca 2+ channels distribution in the plasma membrane, sarco-endoplasmic reticulum and other Ca 2+ stores as mitochondria or Golgi [15] . In general, when a channel is open, a concentrated plume of Ca 2+ is formed around the channel mouth and dissipates rapidly by diffusion [22] . If ryanodine Ca 2+ channels are sequentially reached by the concentrated Ca 2+ plume, this initially local transient can be propagated as a wave until global cellular signal occurs. These waves adopt different shapes according to their emission frequency, wavelength and velocity, and they can appear as solitary, target or spiral waves [23] . [31, 32] , spontaneous Ca 2+ transients [33] or during Ca 2+ oscillations [34] (Figure 1 ). This phenomenon known as [Ca 2+ ]c undershoot has been observed in muscles [31] [32] [33] [34] [35] [36] [37] , neurons [26, 27, [38] [39] [40] , microglia [41, 42] , oligodendrocytes [29] , spermatozoa [28, 43] and chromaffin [44] and prostate stromal [45] cells. It has been widely demonstrated that the [Ca 2+ ]c drop during the undershoot is induced by the refilling of Ca 2+ in sarco-endoplasmic reticulum by SERCA [25] [26] [27] ; while the undershoot recovery is produced by extracellular Ca 2+ entry through voltage Ca 2+ channels [30] or capacitative Ca 2+ entry [36] . Recently, it has been observed that [Ca 2+ ]c undershoot alterations induced by pharmacological treatments are associated to changes in sarcoplasmic reticulum Ca 2+ loading mechanisms [35, 36] .
Role of [Ca

2+
]c undershoot in cell physiology: The silence of the cell Sarco- ]c rises during caffeine-induced oscillations in neurons are attributed to Ca 2+ undershoot [40] . In addition, in seizure-like events in hippocampal slice cultures, it has been proposed that the [Ca 2+ ]c undershoot could be involved postictal depression period [39] . Then, it is possible that undershoot of [Ca 2+ ]c is involved in the synchronization and rhythmic cell activity.
In conclusion, the deficit of intracellular Ca 2+ produced by the refilling of sarco-endoplasmic reticulum during undershoot could be crucial to the triggering role of Ca 2+ in cellular activity. This, Ca
"silences" could be a mechanism that regulates the cell excitability restricting transiently Ca 2+ signaling. 
